The principal focus of the project is to develop new materials chemistry based on molecular level design and solid state chemistry. The goals have been to develop electroactive polymers with novel electronic, optical and nonlinear optical properties. Second and third order nonlinear optical materials have been developed based on conjugated macromolecules and asymmetric anharmonic molecular electronic dipolar oscillators.
In this multidisciplinary research effort, starting from first principle, polymeric systems have been developed with stable large nonlinear optical coefficients, ultrathin electroactive redox monolayers, molecular superlattices, etc. Sol-gel chemistry, photochemical crosslinking and photopolymerization have been employed as engineering tools in materials fabrication and to elicit new phenomenon.
e.
Significant results during last year. f.
Brief summary of plans for next years work.
Molecular Systems: Two NLO systems will be extensively investigated. The newly developed IPN system opens up numerous possibilities. Appropriate molecular design of the components of the NLO IPN will lead to better stabilities and enhanced nonlinearities. Reactions and solid state chemistry under ordering influence of large electric fields is the subject of this study.
In the second area of research NLO chromophores will be covalently bonded to conjugated macromolecules. Second and third order optical nonlinearities are of interest in this case. Further, photovoltaic effect, photorefraction and other unusual properties will be investigated.
Processing. and Microfabrication: We are carrying out molecular level processing and microfabrication of NLO devices in the same laboratory. Microchannel structures are being fabricated on glass substrates. Reactive IPN components are spun on and processing is carried out under large electric field. Fibers are being pigtailed at the channel ends and the whole system packaged with epoxies.
Characterization: Numerous solid state in situ characterization techniques are being employed.
Polarized FT-IR, FT-Raman, UV-Vis-Near IR spectroscopies will be carried out as a function of photoprocessing and field induced modifications. Other linear and nonlinear optical properties will be investigated. Dynamic mechanical analysis, dielectric measurements and thermal analysis will be carried out to study molecular motion organization and property aspects. Photoconductivity and photovoltage will be measured. Second harmonic generation and EO modulation are other properties of interest.
g.
Name of graduate students and post-doctorals currently working on the project. Goal:
Post-doctoral
• To develop novel nonlinear optical (NLO) organic/inorganic composites for secondorder processes.
Approach:
"* An NLO active organic/inorganic composite based on a polyimide and an alkoxysilane dye (ASD) is prepared. Temporal behavior of the second harmonic coefficient, d33, of poled polyimide/ASD (d33(0) = 28 pm/V).
Summary:
"° A polyimide/inorganic composite was prepared as a second-order NLO material for the first time.
"" The combination of the high Tg of the polyimide and the network formed by the ASD in this system promote excellent stability of the poled order in the molecular composite. Temporal behavior of the second harmonic coefficient of different poled/cured samples.
"° The synergistic stability of this poledordered system is mainly due to the combination of high Tg, high crosslinking density, and permanent entanglements among the polymer chains of the IPN.
"" The results from the IPN system have demonstrated a promising new direction for the development of new classes of NLO materials.
